Introduction
The genus Lethariicola Grummann was described for the single species L. sipei Grummann, lichenicolous on Letharia vulpina in the USA (Oregon) (Grummann 1969) . Hawksworth & Sherwood (1982) noticed the similarities with the genus Odontotrema Nyl., and they subsequently included Lethariicola in the family Odontotremataceae, which was treated in more detail later by Sherwood-Pike (1987) . Lumbsch & Hawksworth (1990) discovered that two additional names formerly included in Diploschistes belonged to the same genus, and they accepted two species, Lethariicola cucularis (Norman) Lumbsch & D. Hawksw., of which L. sipei was considered to be a synonym, and L. figulina (Norman) Lumbsch & D. Hawksw. As a continuation of our monographic studies on lichenicolous Ostropales and Helotiales (Calatayud et al. 2001; Etayo et al. 2001) , we herewith propose the synonymy of Lethariicola with Odontotrema and present a worldwide revision of the lichenicolous fungi that belong in the genus.
Material and Methods
The specimens examined are located in the institutional herbaria: AMNH, ASU, B, DUKE, E, GZU, IMI, K, LE, O, TRH and UPS, and in the personal collections of the authors.
The morphological characters (dimensions, colour, etc.) of dry herbarium specimens were studied and illustrated with a dissecting microscope at a magnification of 40 or 80. The microscopical examination (including all microscopical measurements) was carried out using hand-cut sections mounted in water. The excipular pigments were studied in water, 5% KOH and concentrated nitric acid. The iodine reaction was tested in Lugol's reagent, without (I) or with (KI) pretreatment with KOH. Spore guttules were examined in KOH. Ascospore measurements, ascoma and pore considered as a synonym of the latter. The genus Odontotrema, as circumscribed by Sherwood-Pike (1987) , includes four species confined to phanerogam leaves or herbaceous stems, and six species inhabiting wood or bark. We herewith add 15 lichenicolous species, which are all highly specialized, each confined to one host genus. It should be noted that none of the wood-or barkinhabiting species were studied, and that some of them may also be lichenicolous on a lichen with an indistinct, endoxylic thallus.
The recently described monotypic genus Paralethariicola Calatayud, Etayo & Diederich, with one lichenicolous species growing on Aspicilia (Calatayud et al. 2001) , is very similar to Odontotrema, but differs in several important characters, which are summarized in the key below. Lichenicolous specimens of Odontotrema have often been confused with Skyttea in the past, but they should easily be recognized using the key to all known lichenicolous ostropalean and helotialean taxa published by .
Species of Odontotrema have a remarkable geographical distribution. Most species are known only from boreal or alpine collections, with the exception of the type species, which curiously grows on wood of Ilex aquifolium in Corsica. Most lichenicolous species are from northern countries (Alaska, Iceland, Scotland, Scandinavia, northern Russia), apart from two Lecanora-inhabiting species collected in the Austrian Alps (O. lecanorae and Odontotrema sp. 3), the former also being known from Wyoming, USA, O. sipei from the USA (Oregon) and Canada, Odontotrema sp. 1 from the USA (Oregon) and Sweden, O. bryoriae from the USA (Washington), and O. santessonii, a common species in Iceland and Russia, has also been collected once in Peru at an altitude of c. 4000 m. A yet undescribed species on Usnea (Odontotrema sp. 2) has been collected by us in Papua New Guinea at 2400 m.
Most species do not cause any obvious damage to the host, except that the host cortex over immersed ascomata is eventually elevated or discarded. In O. pertusariae, the host thallus is often slightly damaged around the ascomata, which suggests that this species might be weakly pathogenic. The following description is based on the lichenicolous taxa studied in the present paper, and does not include the nonlichenicolous species, for which descriptions are available in Sherwood-Pike (1987) .
Ascomata initially immersed in the host thallus, subspherical to slightly flattened, dark brown or blackish, cleistohymenial, i.e. at first completely closed, the upper, covering part of the exciple much thicker and more strongly pigmented than the lower part, the upper inner ascomatal cavity lined with periphysoids ( Fig. 3A & B) , opening by a pore, which in some species remains small, punctiform, hiding the disc, in others or in very old ascomata becoming larger and showing the shiny, whitish or greyish disc ( Fig. 3C & D) ; margin of mature ascomata smooth or rugose, often radially fissured. Exciple laterally much thicker than basally, almost paraplectenchymatous, dark yellowish brown in outer lateral parts (pigment extracellular, granulose, dark yellowish brown, with a more or less distinct olivaceous or greyish olivaceous tinge in KOH, orange to red in HNO 3 ), medium yellowish brown in basal and inner lateral parts, with roundish or ellipsoid lumina and thick gelatinized walls (Fig. 5B) 0·5 m, KI or KI+ blue (mainly in young ascospores); epiplasma KI (yellow); septa with a small, not or hardly prominent torus (observed in water, not visible in KOH), and a thin lamella (Fig. 6) . Conidiomata unknown.
Observations. Lichenicolous species of
Odontotrema are very poor in useful taxonomic characters, and many of the species with 3-septate ascospores were therefore difficult to separate. All these species share similar ascomata, the same excipular structure and pigment, similar periphysoids, paraphyses, asci and ascospores, and only minor differences could be detected. Some of these characters appear to be variable within one species, and the small number of observations available did not allow an appreciation of their real variability. In particular, characters for which each measurement requires sectioning an additional ascoma, such as thickness of exciple or hymenium, or length of asci (which are usually similar in length within one ascoma, but different in other ascomata of a different degree of maturity), could not be adequately studied in the many species for which no rich and abundant material was available.
One of the most important taxonomic characters proved to be the ascospore dimensions, although substantial differences could also be observed between different specimens of apparently the same species. Statistical analysis of the ascospore dimensions of all species were performed prior to taking decisions about species delimitation, and it was consequently possible to recognize a group of species with shorter ascospores, less than 12 m in length, and a group with longer ascospores. Further, the length/width (l/w) ratio of the ascospores proved to be relatively constant within one species and allowed the separation from otherwise similar species. The amyloidity of ascospores may represent an additional character helping to distinguish species, but, in our experience, all or just 20% of all the ascospores from different specimens belonging to the same species may react KI+ blue. This reaction might be a function of the age of the ascospores or of the degree of maturity of the entire ascoma, and more studies are needed to understand this variability. In the key information on the KI-reaction is sometimes added, but always as a secondary character to distinguish taxa.
Other very useful characters are the dimensions of the ascomata and the ascomatal pore, and the width of the ascomatal margin. As the ascomatal diameter increases with age, this character is not constant within one species. The ascomatal pore is initially closed, then opens and becomes larger with age, and this character is also not constant within one species. Both ascomatal and pore diameter appear to be correlated with the age of the ascoma. Nevertheless, the measurement of the ascomatal and pore diameter of a large number of ascomata provides valuable information towards the characterization of a species. The width of the ascomatal margin is more difficult to interpret correctly: when young, the margin is half as wide as the ascomatal diameter (as the pore is still absent); later the ascoma opens and the margin either retreats from the centre, but stays more or less horizontal, and thus the width remains quite constant, or it becomes elevated and ultimately almost vertical, at which point it is the thickness rather than the width which is measured in surface view. As there is a continuum between both extremes, in the species descriptions the width of the margin, as observed in surface view, is indicated regardless of whether it is the width of a flat margin or the thickness of an elevated margin. Further characters of the ascomatal margin, such as colour, surface structure (smooth, rugose, striate, etc.), convexity, structure around the pore (dentate, rugose, irregular, etc.), often proved to be difficult to describe accurately, but nevertheless were of some help in characterizing certain species.
In view of the absence of taxonomically useful characters in some species groups, only the discovery of further material will show if our taxonomic treatment is accurate, or if the observed variability results from small adaptations to different hosts. Three entities within the group of species with 3-septate ascospores confined to Lecanora, and also those very similar species occurring on Mycoblastus, Ochrolechia, Pertusaria and Usnea, will therefore not be described formally, until more material becomes available.
Key to the lichenicolous species of Odontotrema and Paralethariicola

1.
Inner excipular margin with hairs; ascus wall apically with a distinct KI+ blue ring; ascus apex distinctly flattened; 
Host. Bryoria fremontii (thallus).
Distribution. Known only from the type locality in the USA (Washington).
Observations. The type specimen of this species was included by Lumbsch & Hawksworth (1990) under Lethariicola cucularis. These authors stated that it was growing on Letharia vulpina intermixed with Bryoria fremontii, but that it does not colonize the Bryoria thallus. However, a careful examination showed that no Letharia is present in the collection received on loan from IMI, and that it grows entirely on Bryoria. The host is in a very poor condition, as it had apparently been lying on the ground for a long time, with most thalli dead and blackish, and many attacked by whitish moulds. Nevertheless the numerous ascomata are all in a good condition and fully mature, and the specimen can thus serve as a type. Lumbsch & Hawksworth (1990) obviously did not notice that the ascospores are 1-septate in this species and much smaller than those of O. cuculare, which were recorded as 14·5-17 5-5·5 m by these authors.
Odontotrema bryoriae is easily distinguished from O. thamnoliae, the only other lichenicolous species of the genus with 1-septate ascospores, by the much shorter ascospores and larger ascomata. The two non-lichenicolous species of the genus with the same ascospore septation and ascomata less than 500 m described by Sherwood-Pike (1987) 
Host. Parmeliopsis hyperopta (thallus).
Distribution. Known only from the type locality in Norway.
Observations.
When Lumbsch & Hawksworth (1990) revised the genus Lethariicola, they adopted a rather wide species concept and included under the name L. cucularis, the type specimen of Odontotrema sipei, and even the type of O. bryoriae, which is distinguished by very small, 1-septate ascospores and much smaller ascomata. Furthermore, an examination of the type specimen of O. cuculare revealed that it consists of two distinct species, one with particularly large ascomata growing on Parmeliopsis, and the other with smaller ascomata growing on a sterile Ochrolechia. Although most of the ascomata are on Ochrolechia, we lectotypify the name O. cuculare here on the ascomata on Parmeliopsis, as those on Ochrolechia are mostly immature, almost completely closed, and often with no ascospores yet formed. We prefer to select another collection in a much better condition as the type of O. ochrolechiae. Furthermore, this is in agreement with the statement by Lumbsch and Hawksworth (1990) 
Host. Lecanora polytropa, thallus and apothecia (margin and disc).
Observations. Odontotrema figulinum is distinguished from all other species of the genus by its much broader, submuriform ascospores with 3-5 transverse and 1-2 longitudinal septa. 
Odontotrema intermedium
(Figs 2B, 3)
Ascomata initially immersed in the host and completely covered by a thin whitish layer of the host thallus, then erumpent, with thallus cover breaking into small pieces or splitting radially, almost mosaic-or star-like, finally superficial, with thallus remnants eventually disappearing, roundish, margin blackish, occasionally cracked around the pore, (225- 
Host. Thamnolia vermicularis (thallus).
Distribution. Known only from the type locality in Alaska.
Observations. This species is easily separated from the other lichenicolous species with 3-septate ascospores by the much narrower and relative shorter ascospores, and from the two other species growing on Thamnolia by the 3-septate ascospores. Hosts. An unidentified, saxicolous Lecanora species of the L. muralis group with small lobes, Lecanora varia and Lecanora sp. (probably close to L. varia: USA) (thallus and apothecia).
Distribution. Known from the Austrian Alps and the USA (Wyoming).
Observations. This species has shorter ascospores than most other lichenicolous Odontotrema species with 3-septate ascospores. They are similar in size to those of O. rhizocarpicola, which is distinguished by a combination of several characters (see key). Odontotrema sp. 3, also confined to Lecanora, has longer ascospores, and a hymenium and ascospores that are KI+ blue; O. figulinum, a species known from Lecanora polytropa, has broader, submuriform ascospores. The type specimen of O. lecanorae has larger ascomata F. 3 . Odontotrema intermedium (holotypus). A, young, almost closed ascoma in surface view; B, same ascoma in section, with hymenium almost entirely covered by the exciple, from which periphyses are descending; C, mature ascoma in surface view; D, same ascoma in section; E, detail of periphysoids. Scales: A & C=100 m, B & D=50 m; E=20 m.
488 THE LICHENOLOGIST Vol. 34 than the material on Lecanora varia, which possibly represents a distinct species (Fig. 4) . Ascomata immersed in the host hymenium or thallus, roundish, often permanently covered by a thin, dark brown, smooth and shiny cortical layer of the host, which is darker than the host apothecial disc, convex, sometimes with a slightly constricted base, Hosts. Melanelia hepatizon and M. olivacea, generally on the disc of the apothecia, rarely on the thalline margin or on the thallus.
Distribution. Sweden and Alaska.
Observations. This species has a unique appearance as it is covered until maturity by a dark brown, shiny, cortical layer of the host, and the ascomata are thus not or only rarely exposed and visible. This is, however, just a reaction of the particular host and not a diagnostic character of the new species. The species is distinguished from the other lichenicolous members of the genus with 3-septate ascospores and ascomata less than 350 m by especially large ascospores, and thick lateral exciple and a small ascomatal pore (see identification key). Within the genus, this is the only known species to have ascospores with a thin ornamentation. narrowly ellipsoid, 3-septate, (10·8-)12·1-14·4(-16·0) (4·3-)4·8-5·5(-6) m, l/w ratio 2·3-2·8; no perispore visible in KOH; wall and septa distinctly KI+ blue.
Hosts. Ochrolechia species, including O. frigida (thallus).
Distribution. Norway, Sweden and the USA (Alaska).
Observations. Odontotrema ochrolechiae belongs to a group of very similar species, distinguished by a combination of minor characters. A large number of measurements of ascomata and pores in all known specimens of this and similar species show that the relative pore diameter is constantly smaller in O. ochrolechiae than in the similar O. pertusariae, Odontotrema sp. 1, Odontotrema sp. 2 and Odontotrema sp. 3 (Fig. 9) .
The Norwegian specimen is part of the type of O. cuculare (see discussion under that species). In that specimen, most ascomata are immature, completely closed, and most contain no ascospores. Nevertheless, the ascomata are slightly larger (290-410 m, pore 0-60 m, margin 140-190 µm, n=16) than in the three other known specimens of O. ochrolechiae (225-315 m, pore 10-50 m, margin 100-140 m, n=91), and the lateral exciple is much thicker, up to 140 m, whilst in the three other specimens the lateral exciple is 50-60 m thick. Whether two distinct species are involved or not can be decided only when more specimens with larger ascomata and a thicker exciple are available.
Odontotrema ochrolechiae can easily be confused with Sagediopsis campsteriana (Linds.) D. Hawksw. & R. Sant., which also has 3-septate ascospores, and accompanies O. ochrolechiae in some of the specimens examined. Sagediopsis campsteriana is distinguished by true, permanently closed perithecia. Sherwood et al., Trans. Brit. Mycol. Soc. 75: 483 (1981 ['1980 Host. Pertusaria hymenea (thallus). In most collections, the host thallus is slightly damaged close to the apothecia, so that the species can be considered as a weak pathogen.
Distribution. Great Britain (Scotland), apparently not rare.
Observations. A sterile specimen of this new species (Coppins 3624) was reported by Sherwood et al. (1981: 483) as an undescribed species of Skyttea. The discovery of additional, fertile material, and a careful examination of the excipular structure show that this species belongs to the genus Odontotrema. It belongs to a group of very similar species of which the distinguishing features are given in the identification key.
A Scottish specimen of Odontotrema on Pertusaria coronata (VC 95, Moray: Grantown-on-Spey, Dreggie Woods, 38/ 022.281, alt. 245 m, 2001 , Coppins 19916, E) was examined. It has smaller ascomata (150-200 m diam.) than specimens on P. hymenea and also a thinner margin, and might be a distinct undescribed species. Unfortunately, the ascomata are all too old and in a poor condition, and no paraphyses, asci or ascospores could be observed. Ascospores (1-)3-septate, septa sometimes oblique, (8·0-)9·3-11·1(-13·5) (4·5-)4·8-5·6(-6·5) m; l/w ratio 1·8-2·2 (n=29); perispore 0·5 m; wall and septa KI .
Host. Rhizocarpon geographicum (thallus).
Distribution. Russia, known only from the type locality on the Kola Peninsula.
Observations. This species is well characterized by its short but relatively broad ascospores, the small ascomata and the distinctly striate ascomatal margin. The differences between this species and the similar O. lecanorae are given in the key.
Odontotrema santessonii Zhurb., Etayo & Diederich sp. nov.
Odontotrema lichenicola in thallo Thamnoliae vigens, insignis ascomatibus 280-380 m, poro 55-125 m, margine 100-140 m, ascosporis non amyloideis (3-) 6-8(-9)-trans-septatis, 1-3 septis obliquis vel longitudinalibus, 15·4-20·4 3·6-4·6 m.
Typus: Russia, Chukchi Peninsula, mouth of the Chegitun River, Dryas-tundra on high river terrace, on Thamnolia vermicularis var. subuliformis, 12 August 1971, Yurtsev (LE 207696-holotypus; hb. Diederich-isotypus).
( Fig. 11) Ascomata dispersed on the host thallus, immersed, at first closed, opening by marginal cracks, partly erumpent, with a 
